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Abstract. ALICE (A Large Ion Collider Experiment) will be the only detector
dedicated to the study of nucleus-nucleus collisions at the LHC. The capabilities
of ALICE to measure hidden and open heavy ﬂavours are reviewed.
1. Introduction: heavy quarks in heavy ion collisions at the LHC
The LHC heavy ion physics program aims at investigating the properties of strongly
interacting matter at extreme energy density where the formation of the Quark
Gluon Plasma (QGP) is expected [1]. Among the most promising observables, heavy
quarkonium states are especially relevant since they provide, via their leptonic decays,
an essential probe of the earliest and hottest stages of heavy ion collisions. From
the early predictions of charmonium suppression by Debye screening in a deconﬁned
medium [2] to the recent results from the NA50 collaboration [3], a lot of eﬀort has
been devoted to the subject (for reviews see [4]). The LHC energy is ideal for a
spectroscopy of the whole set of resonances. In particular, because the Υ(1S) dissolves
only signiﬁcantly above the critical temperature, at a value which might only be
reachable at an energy above the one currently provided by RHIC, the spectroscopy
of the Υ family at LHC energies should reveal an unique set of information on
the characteristics of the QGP [5]. On the other hand, the study of heavy quark
resonances at the LHC is subject to signiﬁcant diﬀerences with respect to the SPS
energies. First of all the signals will be sitting on top of a complex combinatorial
background, mainly coming from open charm and open bottom decay [6]. Then,
in addition to prompt charmonia produced “directly” via hard scattering, secondary
charmonia can be produced from bottom decay, DD¯ annihilation [7, 8] and statistical
hadronization [9, 10, 11]. Furthermore, the SPS results have demonstrated that
the study of onium suppression must be closely joined to the study of open heavy
ﬂavours because both open and hidden quarkonia arise from the same underlying
production mechanism. Although it is commonly admitted that, at the LHC, a large
production rate of cc¯ and bb¯ pairs is expected‡, the present estimations for heavy
ﬂavour production in nucleon-nucleon collisions are subject to some uncertainties [12].
In addition, in the environment of an heavy ion reaction, energy loss of heavy quarks
might substantially modify the spectra of the decay particles (see [13] and references
therein). It is therefore obvious that a meaningful understanding of the QGP requires
‡ Up to 115 cc¯ and 5 bb¯ should to be produced per central (5% of the total cross-section) PbPb
collision [12].
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to perform systematic investigations. The ALICE detector [1, 14] is well suited for
such measurements. Quarkonium states will be identiﬁed in the dielectron and the
dimuon channels. Open charm and bottom will be measured in the hadronic and the
semi-leptonic decay channels of heavy mesons. The expected performances of ALICE
in these diﬀerent channels are presented in the following.
2. ALICE detector overview
Figure 1. Schematic view of the ALICE detector.
With an anticipated charged particle density dNch/dy from 2000 to 8000 at
mid-rapidity [1], a central PbPb reaction at the LHC is an hostile environment for
chasing rare signals. The ALICE detector (Fig. 1) is designed to cope with such large
particle multiplicities. It consists of a central part, a forward muon spectrometer and
forward/backward small acceptance detectors. The central part of ALICE consists
of four main layers of detectors which are placed into the magnetic ﬁeld provided
by magnet of the LEP L3 experiment. From the inner side to the outer side, these
detectors are, the Inner Tracker System (ITS), the large Time Projection Chamber
(TPC), the Transition Radiation Detector (TRD) and the Time of Flight system
(TOF). They provide charged particle identiﬁcation in the pseudo-rapidity range |η| <
0.9, with full azimuthal coverage and a broad coverage in pt. These large area devices
are complemented by smaller acceptance detectors: the High Momentum Particle
Identication (HMPID), the PHOton Spectrometer (PHOS), the Photon Multiplicity
Detector (PMD) and CASTOR for Centauro And STrange Object Research. In the
forward/backward region, additional detectors (T0,V0,FMD,ZDC) provide charged
particle multiplicity measurements at large rapidities together with global event
characteristics and trigger capabilities. Finally a forward muon spectrometer covering
the pseudo-rapidity range 2.5 < η < 4 is placed on the right side of the central part. It
makes use of the usual techniques for muon identiﬁcation at small angle, and consists
of a front absorber, a dipole magnet, 10 high-granularity tracking chamber, a muon
ﬁlter and 4 large area trigger chambers.
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3. Physics performances
3.1. Dimuons
The goal of the forward muon spectrometer is to measure the full set of onium
resonances from the φ to the Υ, with a high statistics, a low background and a high
resolution (Fig. 2). The spectrometer is equipped with a dimuon trigger based on the
selection of pairs of muons with large transverse momentum [15]. Its eﬃciency is 85%









































Figure 2. Unlike-sign dimuon mass spectra in the region 2 < m < 4 GeV (left)
and 8 < m < 12 GeV (right) for the 10% most-central PbPb reactions. The
spectra were obtained by means of fast simulations including acceptance cuts
and detector eﬃciencies and resolutions. They correspond to a luminosity of
























pt > 1 GeV/c pt > 1 GeV/c pt > 2.3 GeV/c
Figure 3. Acceptance as a function of transverse momentum for φ, J/ψ and Υ
without (solid histograms) and with (dashed histograms) the trigger cut on single
muon pt indicated on the ﬁgures.
The acceptance versus pt for φ, J/ψ and Υ is shown in Fig. 3. The φ acceptance
is limited at low pt owing to the momentum cut of about 4 GeV/c introduced by
energy loss in the absorbers. The acceptance for J/ψ and Υ is fairly uniform in pt,
down to pt = 0. It reaches a maximum of 45% and 60%, respectively, around rapidity
3.3 [15].
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The expected statistics after one month of Pb beams is shown in Tab. 1. For
J/ψ, the rate and S/B are very good and permit a high-precision measurement of
its production as a function of pt. Because of less favourable S/B, the ψ′ can be
measured at best with an accuracy of the order of 10%. The S/B is far better in the
Υ mass range. It is larger than unity in all cases and the signiﬁcance is very good.
Note however that the rates are small, especially for the Υ′′.
Table 1. Signal, signal-to-background and signiﬁcance for diﬀerent onium states
in 10% most-central PbPb reactions with a luminosity of 5 · 1026 cm−2s−1 and
a running time of 106 s. S and B are extracted according to the interval of ±1σ
around the resonance nominal mass. The input cross-sections are from [19] and




J/ψ 230000 0.72 310
ψ′ 4600 0.03 12
Υ 1800 7.10 39
Υ′ 540 2.50 19
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Figure 4. Unlike-sign dimuon mass spectra in the region 0 < m < 5 GeV
(left) and 5 < m < 15 GeV (right) for central PbPb reactions. A pt threshold
of 3 GeV/c is applied on each single muon. The upper and lower histogram
correspond to the total combinatorial background and to the correlated signal
from bottom decay, respectively. The spectra were obtained by means of fast
simulations. From [20].
In addition to quarkonia measurements, the muon spectrometer should allow
measurements of the open bottom cross-section. This is possible because the
background from pions and kaons decay is small and because muons from charm
decay can be eﬃciently removed with a high pt threshold. As illustrated in Fig. 4,
when applying a pt cut of 3 GeV/c on each muon, the correlated signal from bottom
decay appears with a large relative yield all over the invariant mass.
3.2. Dielectrons
The measurement of dielectron in the central barrel of ALICE is complementary to
the above discussed dimuon channel. Firstly, this extends quarkonia measurements
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from the forward rapidity region to mid-rapidity. Then, the vertex capabilities of the
ITS allow to measure secondary J/ψ from bottom decay. This will not only permit
distinction between primary and secondary J/ψ, but also lead to a direct measurement
of the B meson production cross-section. Furthermore, single high pt electrons with
displaced vertex give access to the inclusive open charm and open bottom cross-
sections. This measurement is complementary to the measurement of open heavy
ﬂavours from the dilepton continuum, as discussed in the previous section, and to the
reconstruction of heavy mesons in the hadronic channel (see next section). It brings
essential information, in particular, in order to normalize the quarkonia signals.
In the following the expected performances of the TRD for dielectron physics are
described. The results are presented for central (b = 0) PbPb reactions. They were
obtained by means of fast simulations including geometrical acceptance cuts, detector
eﬃciencies and resolutions and assuming a magnetic ﬁeld of 0.2 T [21]. Details about
the trigger capabilities of the TRD, not described here, can be found in [22].





































































Figure 5. Left: invariant mass spectrum of dielectron with a transverse
momentum cut of 1 GeV/c on electron candidates in central PbPb reactions.
The shaded areas show the signal for J/ψ and Υ. Right: same with a transverse
momentum cut of 3 GeV/c. See [21] for more details.
The dotted histogram corresponds to the dielectron invariant mass distribution
obtained with only the ITS/TPC. The corresponding electron sample is contaminated
to a large extent by mis-identiﬁed pions§. As shown by the dashed histogram, the
TRD allows to get rid of most of these mis-identiﬁed pions. The ﬁnal spectrum is
similar to that which would be obtained with a perfect particle identiﬁcation (solid
histogram) thus allowing a precise determination of the resonance yields.
On the other hand, once the average number of electron per event is substantially
below one, the combinatorial background should be strongly reduced. As an example
the right panel of Fig. 5 displays the situation with a pt cut of 3 GeV/c on each electron.
This permits to access the continuum in the invariant mass spectrum between J/ψ and
Υ which carries contributions from thermal plasma radiation and direct production
(Drell-Yan). According to Fig. 5, a signal-to-background of 1:10 is expected.
§ The pion multiplicity is so large that, in this case, the number of mis-identiﬁed pions is even larger
than the number of real electrons in the electron sample identiﬁed with the TPC.
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The very good impact parameter resolution provided by the ITS (Fig. 6 left)





















































pt > 1 GeV/c
Figure 6. Left: transverse momentum dependence of the bending (d0) and
the non-bending (z0) projection of the impact parameter resolution. Right: d0
distribution of electrons originating from diﬀerent parent particles.
As shown in the right panel of Fig. 6, the d0 distribution of electrons from heavy
mesons decay exhibits a signiﬁcant large tail because heavy mesons have a larger
life-time than other particle species. This suggests that by imposing cuts on d0
one can reduce the combinatorial background and therefore improve the signal-to-
background ratio for all sources originating from the primary vertex. Furthermore,
the deconvolution of the d0 distributions allows to estimate the inclusive yield of open






























Figure 7. Left: pt of the decay electron as a function of the pt of the heavy meson
parent. The vertical error bars correspond to the rms width of the distribution.
Right: invariant mass distribution of e+e− pairs with displaced vertices.
This is a particularly important measurement for the normalization of the
quarkonia signals. It gives also access to the primary pt of D and B mesons via
the correlation between the pt of the electron and that of its parent (Fig. 7 left).
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In addition, it allows to identify secondarily produced J/ψ from B meson decay
(B → J/ψ + X, Fig. 7 right). This is of crucial importance for distinguishing the
prompt J/ψ (which are potentially QGP suppressed/enhanced) from the secondary
contribution (which should not be directly aﬀected by the QGP). This is even more
relevant for the pt dependence of the J/ψ yield since J/ψ from B meson decay exhibit
a much harder pt spectrum than that of primary J/ψ [21]. As already mentioned,
the measurement of secondary J/ψ gives also a direct measurement of the B mesons
yield.
3.3. Hadrons
In the central part of ALICE, heavy mesons and baryons can be fully reconstructed
from the measurements of their charged particle decay products in the ITS, TPC and
TOF. The most promising decay channel for open charm detection is the D0 → K−π+
decay (and charge conjugate), which has a branching ratio of about 3.9% and
cτ = 124 µm. Using the lowest estimate for the charm production rate, one expects
0.55 D0 (or D¯0) per central PbPb event where D0 (or D¯0) decays into K−π+ (or the
charge conjugate channel) in the acceptance of the central detectors. The strategy
for the reconstruction of D0 mesons includes a number of cuts on various quantities
(see [14, 23] for details).
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Figure 8. Left: Kπ invariant mass distribution for 107 central PbPb events.
Signal and background correspond to the solid and the dashed histograms
respectively. The background subtracted distribution is shown in the inset. Right:
transverse momentum distribution of D0 candidates. Signal (solid histogram) and
background (dashed histogram) are normalized to the same integral.
A typical example of invariant mass distribution for D0 candidates in central
PbPb reactions is shown in the left panel of Fig. 8 before and after background
subtraction. The expected statistics is of about 8000 reconstructed D0 per 107 central
PbPb events. The corresponding signiﬁcance is better than 10 assuming the largest
charged particle multiplicity foreseen. This is further improved when the charged
particle multiplicity decreases. As illustrated in the right panel of Fig. 8, not only
the total yield can be measured but also the D0 pt distribution. The diﬀerential
signiﬁcance is expected to be better than 10 for pt larger than ∼ 1.5 GeV/c.
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3.4. Electron-muon coincidences
Heavy mesons decay into e+X or µ+X with a branching ratio of ∼ 12% for charm and
∼ 10% for bottom. Therefore the correlated cc¯ and bb¯ cross-sections can be measured
in ALICE from unlike-sign electron-muon pairs where the electron is identiﬁed in
the central part and the muon is detected in the forward muon spectrometer. Note
that the eµ channel is the only leptonic channel which gives a direct access to the
correlated component of the cc¯ and bb¯ pairs. Indeed, in contrast to e+e− and
µ+µ− channels, neither a resonance, nor direct dilepton production, nor thermal
production can produce correlated eµ pairs. Within ALICE, the eµ channel has
the additional advantage that the rapidity distribution of the corresponding signal
extends from ∼ 1 to ∼ 3, therefore bridging the acceptances of the central and the
forward parts of the detector [24]. Measurements of eµ coincidences have already been
successfully performed in pp reactions at
√
s = 60 GeV [25] and in p-nucleon reactions
at
√
s = 29 GeV [26]. They are planned to be done in heavy ion collisions with the
PHENIX detector at RHIC [27]. Preliminary simulations have shown the possibility
to perform such measurements with ALICE [16, 21].
4. Summary
ALICE has a broad physics program and excellent capabilities for quarkonia physics.
In addition to the channels discussed here, further exciting possibilities should be
opened with, for example, the reconstruction of B mesons in the hadronic channel
and dilepton measurements at very high invariant mass.
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